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Disclaimer: 

The  information  provided  in  this  document  is  intended  as  guidance  only  and  is  subject  to 
revisions  as  learnings  and  new  information  comes  forward  as  part  of  a commitment  to 
continuous  improvement.  This  document  is  not  a substitute  for  the  law.  Please  consult  the 
Specified  Gas  Emitters  Regulation  and  the  legislation  for  all  purposes  of  interpreting  and 
applying  the  law.  In  the  event  that  there  is  a difference  between  this  document  and  the 
Specified  Gas  Emitters  Regulation  or  legislation,  the  Specified  Gas  Emitters  Regulation  or 
the  legislation  prevail. 


Any  comments,  questions,  or  suggestions  regarding  the  content  of  this  document  may  be 
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10th  Floor,  Oxbridge  Place 
9820  - 106th  Street 
Edmonton,  Alberta,  T5K  2J6 
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right  of  the  Province  of  Alberta.  Reproduction  of  this  publication,  in  whole  or  in  part, 
regardless  of  purpose,  requires  the  prior  written  permission  of  Alberta  Environment. 

© Her  Majesty  the  Queen  in  right  of  the  Province  of  Alberta,  2008 


Page  i 


Wind-Powered  Electricity  Generation  Protocol 


March  2008 


Table  of  Contents 

1.0  Project  and  Methodology  Scope  and  Description 1 

1.1  Protocol  Scope  and  Description 1 

1.2  Glossary  of  New  Terms 4 

2.0  Quantification  Development  and  Justification 5 

2.1  Identification  of  Sources  and  Sinks  (SS’s)  for  the  Project 5 

2.2  Identification  of  Baseline. 9 

2.3  Identification  of  SS’s  for  the  Baseline 9 

2.4  Selection  of  Relevant  Project  and  Baseline  SS’s 12 

2.5  Quantification  of  Reductions,  Removals  and  Reversals  of  Relevant  SS’s 14 

2.5.1  Quantification  Approaches 14 

2.5.2.  Contingent  Data  Approaches 18 

2.6  Management  of  Data  Quality 18 

2.6.1  Record  Keeping 18 

2.6.2  Quality  Assurance/Quality  Control  (QA/QC) 18 


List  of  Figures 

FIGURE  1.1  Process  Flow  Diagram  for  Project  Condition  2 

FIGURE  1 .2  Process  Flow  Diagram  for  Baseline  Condition  3 

FIGURE  2.1  Project  Element  Life  Cycle  Chart  6 

FIGURE  2.2  Baseline  Element  Life  Cycle  Chart  10 


List  of  Tables 

TABLE  2.1  Project  SS’s  7 

TABLE  2.2  Baseline  SS’s  11 

TABLE  2.3  Comparison  of  SS’s  13 

TABLE  2.4  Quantification  Procedures  15 

TABLE  2.5  Contingent  Data  Collection  Procedures  19 


Page  ii 


Wind-Powered  Electricity  Generation  Protocol 


March  2008 


1.0  Project  and  Methodology  Scope  and  Description 

This  quantification  protocol  is  written  for  the  electric  facility  project  operator  or  project 
proponent.  Some  familiarity  with,  or  general  understanding  of,  the  operation  of  a wind 
electric  facility,  and  associated  practices,  is  expected. 

The  opportunity  for  generating  carbon  offsets  with  this  protocol  arise  from  the 
quantification  of  reductions  in  greenhouse  gas  (GHG)  emissions  resulting  from  the 
implementation  of  facilities  that  convert  the  energy  in  wind  into  electrical  energy  as  the  end 
product.  These  opportunities  cover  several  technologies  and  will  be  referred  to  simply  as 
“wind  electric  facilities”  The  protocol  quantifies  the  emission  reductions  based  on  the 
generation  of  an  equivalent  quantity  of  electricity  from  fossil  fuel  based  sources,  either  at 
grid-connected  or  off-grid  facilities. 

1.1  Protocol  Scope  and  Description 

This  protocol  serves  as  a generic  ‘recipe’  for  project  proponents  to  follow  in  order  to  meet 
the  measurement,  monitoring  and  GHG  quantification  requirements  for  reductions  resulting 
from  wind-powered  electricity  generation  and  usage.  FIGURE  1.1  offers  a typical  process 
flow  diagram  for  a typical  project. 

Protocol  Approach: 

This  protocol  quantifies  GHG  offsets  from  wind-powered  electricity  generation  and 
encompasses  the  production  storage,  conversion  and  management  of  electrical  energy 
upstream  of  its  input  to  grid-connected  loads  or  to  off-grid  loads.  The  baseline  condition  for 
this  protocol  is  defined  as  the  generation  of  electricity  by  other  facilities  linked  to  the 
electrical  loads  to  cover  the  net  generation  capacity  of  the  wind  electric  facility.  FIGURE 

1.2  offers  a process  flow  diagram  for  a typical  baseline  configuration. 

Protocol  Applicability: 

To  demonstrate  that  a project  meets  the  requirements  under  this  protocol,  the  project 
proponent  must  supply  sufficient  evidence  to  demonstrate  that: 

1 . The  metering  of  net  electricity  production  must  be  made  at  a point  downstream  of 
both  generation  and  any  storage  system,  typically  to  where  generated  electricity  is 
connected  to  its  loads;  and 

2.  The  quantification  of  reductions  achieved  by  the  project  is  based  on  actual 
measurement  and  monitoring  (except  where  indicated  in  this  protocol)  as  indicated 
by  the  proper  application  of  this  protocol. 
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It  is  important  to  understand  that  GHG  emission  reductions  are  one  of  many  environmental 
benefits  associated  with  renewable  low-impact  electricity  generation.  The  aggregation  of 
the  environmental  benefits  of  one  megawatt  hour  of  renewable  electricity  generation  are 
commonly  referred  to  as  ‘green  tags’  and  traded  as  Renewable  Energy  Certificates  (RECs). 
To  ensure  no  ‘double  counting’  of  the  greenhouse  gas  emission  reductions  (that  are  eligible 
as  offsets  under  the  Specific  Gas  Emitters  Regulation),  the  electricity  generation  associated 
with  RECs  that  include  greenhouse  gas  emission  reductions  and  that  have  already  been  sold 
or  otherwise  transferred  to  another  owner  of  the  associated  benefits  should  not  be  included 
in  the  quantification  of  GHG  offsets  from  an  eligible  project. 

Protocol  Flexibility: 

Flexibility  in  applying  the  quantification  protocol  is  provided  to  project  developers  in  the 
following  ways: 

1.  For  projects  with  a dedicated  end-user  of  some  or  all  of  the  electricity  generation  or 
where  the  generation  facility  is  connected  by  a dedicated  line  to  that  facility,  site 
specific  electricity  generation  emission  factors  that  reflect  the  source  of  generation 
displaced  under  the  project  condition  may  be  substituted  for  the  generic  grid 
emission  factors  indicated  in  this  protocol  document.  Guidance  on  the  selection  of 
appropriate  emission  factors  is  contained  in  Appendix  A.  The  methodology  for 
generation  of  these  emission  factors  must  be  sufficiently  robust  as  to  ensure 
reasonable  accuracy. 


If  flexibility  provisions  have  been  applied,  the  proponent  must  describe  the  provisions 
used,  and  justify  their  application  through  a detailed  methodology,  calculations,  and  all 
supporting  documentation. 

1.2  Glossary  of  New  Terms 

Electricity  Grid:  Infrastructure  that  brings  power  from  the  plant  to  the  end 

users  through  high-voltage  transmission  systems  which  carry 
electricity  from  the  power  plants  and  transmit  it  hundreds  of 
miles  away,  and  lower-voltage  distribution  systems  which 
draw  electricity  from  the  transmission  lines  and  distribute  it 
to  individual  customers. 

Electricity  Storage  Systems:  Power  generated  at  the  facility  may  need  to  be  stored  before 

being  transmitted  to  the  electricity  grid.  A system  to  store 
this  power,  such  as  a battery,  will  be  installed  at  the  wind 
powered  electrical  energy  generation  facility. 

Wind  Electric  Facility:  A facility  consisting  of  electrical  energy  generating, 

conversion,  storage,  and  management  equipment,  sub- 
systems, and  their  connections  up  to  the  point  where  the 
generating  or  storage  system  connects  to  its  AC  or  DC  loads 
or  to  the  electricity  grid. 
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2.0  Quantification  Development  and  Justification 

The  following  sections  outline  the  quantification  development  and  justification. 

2.1  Identification  of  Sources  and  Sinks  (SS’s)  for  the  Project 

SS’s  were  identified  for  the  project  by  reviewing  the  seed  document,  other  protocols  and 
project  configurations.  This  process  confirmed  that  the  SS’s  in  the  process  flow  diagrams 
covered  the  full  scope  of  eligible  project  activities  under  the  protocol. 

Based  on  the  process  flow  diagrams  provided  in  FIGURE  1.1,  the  project  SS’s  were 
organized  into  life  cycle  categories  in  FIGURE  2.1.  Descriptions  of  each  of  the  SS’s  and 
their  classification  as  controlled,  related  or  affected  are  provided  in  TABLE  2.1. 
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2.2  Identification  of  Baseline 

The  baseline  condition  for  projects  applying  this  protocol  is  defined  as  the  electricity  that 
would  have  otherwise  been  generated  using  fossil  fuel  based  sources. 

The  approach  to  quantifying  the  baseline  will  be  calculation  based  on  the  applicable 
emissions  factor  covering  an  equivalent  quantity  of  electricity.  The  baseline  scenario  for 
this  protocol  is  dynamic  as  the  amount  of  electricity  produced  will  change. 

The  baseline  condition  is  defined,  including  the  relevant  SS’s  and  processes,  as  shown  in 
FIGURE  1.2.  More  detail  on  each  of  these  SS’s  is  provided  in  Section  2.3,  below. 

2.3  Identification  of  SS’s  for  the  Baseline 

Based  on  the  process  flow  diagrams  provided  in  FIGURE  1.2,  the  project  SS’s  were 
organized  into  life  cycle  categories  in  FIGURE  2.2.  Descriptions  of  each  of  the  SS’s  and 
their  classification  as  either  ‘controlled’,  ‘related’  or  ‘affected’  is  provided  in  TABLE  2.2. 
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2.4  Selection  of  Relevant  Project  and  Baseline  SS’s 

Each  of  the  SS’s  from  the  project  and  baseline  condition  were  compared  and  evaluated  as 
to  their  relevancy  using  the  guidance  provided  in  Annex  VI  of  the  “Guide  to  Quantification 
Methodologies  and  Protocols:  Draft”,  dated  March  2006  (Environment  Canada).  The 
justification  for  the  exclusion  or  conditions  upon  which  SS’s  may  be  excluded  is  provided 
in  TABLE  2.3  below.  All  other  SS’s  listed  previously  are  included. 
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2.5  Quantification  of  Reductions,  Removals  and  Reversals  of  Relevant  SS’s 
2.5.1  Quantification  Approaches 

Quantification  of  the  reductions,  removals  and  reversals  of  relevant  SS’s  for  each  of  the 
greenhouse  gases  will  be  completed  using  the  methodologies  outlined  in  TABLE  2.4, 
below.  These  calculation  methodologies  serve  to  complete  the  following  three  equations 
for  calculating  the  emission  reductions  from  the  comparison  of  the  baseline  and  project 
conditions. 


Emission  Reduction  = Emissions  Baseline  - Emissions  Project 


Emissions  Baseline  Emissions  Electricity  Generation 


Emissions  Project  Emissions  Fuel  Extraction  and  Processing  "F  Emission  Emissions  Facility  Operation 
“^Emissions  On-site  Electricity  Storage  Systems 


Where: 


Emissions  Baseline  = sum  of  the  emissions  under  the  baseline  condition. 

Emissions  Electricity  Generation  = emissions  under  SS  B1  Electricity  Generation 

Emissions  project  = sum  of  the  emissions  under  the  project  condition. 

Emissions  Facility  Operation  = emissions  under  SS  PI  Facility  Operation 
Emissions  Electricity  storage  Systems = emissions  under  SS  P2  Electricity  Storage 

Systems 

Emissions  Fuel  Extraction  and  Processing  = emissions  under  SS  P3  Fuel  Extraction 

and  Processing 
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2.5.2.  Contingent  Data  Approaches 

Contingent  means  for  calculating  or  estimating  the  required  data  for  the  equations  outlined 
in  section  2.5.1  are  summarized  in  TABLE  2.5,  below. 

2.6  Management  of  Data  Quality 

In  general,  data  quality  management  must  include  sufficient  data  capture  such  that  the  mass 
and  energy  balances  may  be  easily  performed  with  the  need  for  minimal  assumptions  and 
use  of  contingency  procedures.  The  data  should  be  of  sufficient  quality  to  fulfill  the 
quantification  requirements  and  be  substantiated  by  company  records  for  the  purpose  of 
verification. 

The  project  proponent  shall  establish  and  apply  quality  management  procedures  to  manage 
data  and  information.  Written  procedures  should  be  established  for  each  measurement  task 
outlining  responsibility,  timing  and  record  location  requirements.  The  greater  the  rigour  of 
the  management  system  for  the  data,  the  more  easily  an  audit  will  be  to  conduct  for  the 
project. 

2.6.1  Record  Keeping 

Record  keeping  practices  should  include: 

a.  Electronic  recording  of  values  of  logged  primary  parameters  for  each 
measurement  interval; 

b.  Printing  of  monthly  back-up  hard  copies  of  all  logged  data; 

c.  Written  logs  of  operations  and  maintenance  of  the  project  system  including 
notation  of  all  shut-downs,  start-ups  and  process  adjustments; 

d.  Retention  of  copies  of  logs  and  all  logged  data  for  a period  of  7 years;  and 

e.  Keeping  all  records  available  for  review  by  a verification  body. 

2.6.2  Quality  Assurance/Quality  Control  (QA/QC) 

QA/QC  can  also  be  applied  to  add  confidence  that  all  measurements  and  calculations  have 
been  made  correctly.  These  include,  but  are  not  limited  to: 

a Protecting  monitoring  equipment  (sealed  meters  and  data  loggers); 
b Protecting  records  of  monitored  data  (hard  copy  and  electronic  storage); 
c Checking  data  integrity  on  a regular  and  periodic  basis  (manual  assessment, 
comparing  redundant  metered  data,  and  detection  of  outstanding 
data/records); 

d Comparing  current  estimates  with  previous  estimates  as  a ‘reality  check’; 
e Provide  sufficient  training  to  operators  to  perform  maintenance  and 
calibration  of  monitoring  devices; 

f Establish  minimum  experience  and  requirements  for  operators  in  charge  of 
project  and  monitoring;  and 

g Performing  recalculations  to  make  sure  no  mathematical  errors  have  been 
made. 
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APPENDIX  A: 

Relevant  Emission  Factors1 


1 Source:  Environment  Canada  - tables  provided  for  reference  (refer  to  source  for  updates/revisions) 
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Table  Al:  Emission  Intensity  of  Fuel  Extraction  and  Production  (Diesel,  Natural  Gas, 
and  Gasoline) 


Diesel 

Production 

Emissions  Factor  (C02) 

0.138 

kg  C02  per  Litre 

Emissions  Factor  (CEE) 

0.0109 

kg  CH4  per  Litre 

Emissions  Factor  (N20) 

0.000004 

kg  N20  per  Litre 

Natural  Gas 

Extraction 

Emissions  Factor  (C02) 

0.043 

kg  C02  per  m3 

Emissions  Factor  (CH4) 

0.0023 

kg  CPE  per  m3 

Emissions  Factor  (N20) 

0.000004 

kg  N20  per  m3  j 

Processing 

Emissions  Factor  (C02) 

0.090 

kg  C02  per  m3 

Emissions  Factor  (CH4) 

0.0003 

kg  CI14  per  m3 

Emissions  Factor  (N20) 

0.000003 

kg  N20  per  m3 

Gasolin 

e 

Production  1 

Emissions  Factor  (C02) 

0.138 

kg  C02  per  Litre 

Emissions  Factor  (CH4) 

0.0109 

kg  CH4  per  Litre 

Emissions  Factor  (N20) 

0.000004 

kg  N20  per  Litre 

Table  A2:  Emission  Factors  for  Natural  Gas  and  NGL’s 


Source 

Emission  Factors 

co2 

CH4 

n2o 

g/m3 

g/m3 

g/m3 

Natural  Gas 

Electric  Utilities 

1891 

0.49 

0.049 

Industrial 

1891 

0.037 

0.033 

Producer  Consumption 

2389 

6.5 

0.06 

Pipelines 

1891 

1.9 

0.05 

Cement 

1891 

0.037 

0.034 

Manufacturing  Industries 

1891 

0.037 

0.033 

Residential,  Construction, 
CommerciaEInstitutional, 
Agriculture 

1891 

0.037 

0.035 

g/L 

g/L 

g/L 

Propane 

Residential 

1510 

0.027 

0.108 

All  Other  Uses 

1510 

0.024 

0.108 

Ethane 

976 

N/A 

N/A 

Butane 

1730 

0.024 

0.108 
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Table  A3:  Emission  Factors  for  Refined  Petroleum  Products 


Source 

Emission  Factors  (g/L) 

co2 

ch4  n2o 

Light  Fuel  Oil 

Electric  Utilities 

2830 

0.18 

0.031 

Industrial 

2830 

0.006 

0.031 

Producer  Consumption 

2830 

0.006 

0.031 

Residential 

2830 

0.026 

0.006 

Forestry,  Construction,  Public 
Administration,  and 
Commercial/Institutional 

2830 

0.026 

0.031 

Heavy  Fuel  Oil 

Electric  Utilities 

3080 

0.034 

0.064 

Industrial 

3080 

0.12 

0.064 

Producer  Consumption 

3080 

0.12 

0.064 

Residential,  Forestry,  Construction, 
Public  Administration,  and 
Commercial/Institutional 

3080 

0.057 

0.064 

Kerosene 

Electric  Utilities 

2550 

0.006 

0.031 

Industrial 

2550 

0.006 

0.031 

Producer  Consumption 

2550 

0.006 

0.031 

Residential 

2550 

0.026 

0.006 

Forestry,  Construction,  Public 
Administration,  and  Commercial/ 
Institutional 

2550 

0.026 

0.031 

Diesel 

2730 

0.133 

0.4 
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